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IS CLAIMED IS: 



Blacklined Claims 



1 . A method of forming a lower capacitor electrode, comprising the steps of: 

forming a texturizing layer over an insulative layer, the texturizing layer comprising an 
ordered array of nanostructures of substantially uniform size; and 
forming a conductive layer over the texturizing layer. 

2. The method of Claim 1 , wherein the texturizing layer comprises a polymeric material. 

3. The method of Claim 2, wherein the polymeric material comprises a hydrocarbon block 
and a silicon-containing block. 

4. The method of Claim 3, wherein the polymeric material comprises polyisoprene and 
poly(pentamethyldisilylstyrene). 

5. The method of Claim 2, wherein the step of forming the texturizing layer comprising 
depositing a polymeric material comprising a hydrocarbon block and a silicon-containing block 
onto the insulative layer; and exposing the polymer material to ozone and electromagnetic 
radiation. 

6. The method of Claim 1, wherein the texturizing layer comprises a conductive material. 

7. The method of Claim 6, wherein the texturizing layer comprises at least two conductive 
metals. 

8. The method of Claim 7, wherein the texturizing layer comprises platinum, and at least 
one of silver and copper. 

9. The method of Claim 7, wherein the step of forming the texturizing layer comprises: 
depositing a first conductive metal onto the insulative layer; 
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depositing a second conductive metal onto the first conductive metal; and 
annealing the metals to form a strain relief pattern. 

1 0. The method of Claim 9, wherein the step of forming the conductive layer over the 
texturizing layer comprises depositing a conductive metal in a gaseous phase. 

1 1 . The method of Claim 1 0, wherein the conductive layer comprises a plurality of metal 
island clusters. 

1 2. The method of Claim 9, wherein the texturizing layer comprises a plurality of two- 
dimensional structures. 

13. A method of forming a lower capacitor electrode, comprising the steps of: 

forming a texturizing layer over an insulating layer, the texturizing layer comprising a 
periodic network of surface structures having a substantially uniform height; and 
forming a conductive layer over the texturizing layer. 

14. A method of forming a lower capacitor electrode, comprising the steps of; 
depositing a texture-forming material onto an insulating layer; 

forming the material into an ordered array of nanostructures of substantially uniform 
dimensions; and 

depositing a conductive layer onto the nanostructures. 

15. A method of forming a lower capacitor electrode in a container formed within an 
insulative layer overlying a substrate in a semiconductor device, the method comprising the steps 
of: 

forming a texturizing underlayer by depositing a polymeric material over the insulative 
layer, and exposing the polymeric material to ultraviolet radiation and ozone whereby the 
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polymeric material forms into nanostructures comprising a silicon-comprising ceramic; the 
polymeric material comprising a hydrocarbon block and a silicon-containing block; and 
forming a conductive layer over the texturizing layer. 

1 6. The method of Claim 1 5 3 wherein the step of forming the texturizing layer comprises 
exposing the polymeric material to the ultraviolet light and ozone at room temperature. 

1 7. The method of Claim 1 5, wherein the polymeric material comprises a triblock copolymer 
of the type A,BA 2 , where the "A" copolymer is the hydrocarbon block and the "B" copolymer is 
the silicon-containing block. 

18. The method of Claim 1 7, wherein the hydrocarbon block comprises polyisoprene. 

19. The method of Claim 17, wherein the silicon-comprising block comprises 
poly(pentamethyldisilylstyrene). 

20. The method of Claim 15, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

21 . The method of Claim 1 5, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

22. The method of Claim 1 5, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

23. The method of Claim 1 5, wherein the step of depositing the polymeric material comprises 
a vapor deposition polymerization. 
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24. The method of Claim 1 5, wherein the step of depositing the polymeric material comprises 
field enhanced polymerization vapor deposition polymerization. 

25. The method of Claim 1 5, wherein the step of depositing the polymeric material comprises 
a spin-on deposition. 

26. The method of Claim 15, wherein the step of depositing the polymeric material comprises 
a Langmuir-Blodgett deposition. 

27. The method of Claim 1 5, wherein the nanostructures are in the form of porous structures. 

28. The method of Claim 15, wherein the nanostructures are in the form of relief structures. 

29. The method of Claim 28, wherein the relief structures are selected from the group 
consisting of struts and gyroids. 

30. The method of Claim 28, wherein the nanostructures are in the form of struts. 

3 1 . The method of Claim 1 5, further comprising, after the step of forming the conductive 
layer, the steps of: 

forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

32. The method of Claim 15, wherein the substrate comprises a diffusion area, and a 
conductive plug is formed in an opening through the insulative layer and in electrical contact 
with the diffusion area and the lower capacitor electrode. 

33. The method of Claim 15, wherein the capacitor is integrated into a DRAM cell. 
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34. A method of forming a capacitor in a semiconductor device, comprising the steps of: 
providing a substrate comprising a diffusion area, an insulative layer overlying the 

substrate, a conductive plug formed in an opening through the insulative layer and in electrical 
contact with the diffusion area in the substrate, and a container opening formed through the 
insulating layer to expose a portion of the conductive plug; 

forming a texturizing layer by depositing a silicon-comprising hydrocarbon polymeric 
material over the insulating layer and the conductive plug, and exposing the polymeric material 
to ultraviolet radiation and ozone to form nanostructures comprising a silicon oxycarbide 
ceramic; 

removing at least a portion of the texturizing layer to expose the conductive plug; 
forming a conductive layer over the texturizing layer to form the lower capacitor 
electrode; 

forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

35. The method of Claim 34, wherein the polymeric material comprises a triblock copolymer 
of the type AiBA 2 , where the "A" copolymer is the hydrocarbon block and the "B" copolymer is 
the silicon-containing block. 

36. The method of Claim 35, wherein the hydrocarbon block comprises polyisoprene. 

37. The method of Claim 35, wherein the silicon-comprising block comprises 
poly(pentamethyldisilylstyrene). 

38. The method of Claim 34, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

39. The method of Claim 34, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 
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40. The method of Claim 34, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

41 . The method of Claim 34, further comprising, after the step of forming the conductive 
layer, the steps of: 

forming a barrier layer to fill the container; 

removing the conductive layer from horizontal surfaces of the insulative layer; and 
removing the barrier layer from the container. 

42. The method of Claim 4 1 , wherein the barrier layer comprises a resist material. 

43. The method of Claim 41 , wherein the step of removing the conductive layer is by 
chemical-mechanical polishing. 

44. The method of Claim 41, further comprising, after the step of removing the barrier layer, 
the step of removing native oxide from exposed surfaces of the insulating layer and the 
conductive layer. 



45. The method of Claim 44, wherein the step of removing the native oxide is by a 
hydrofluoric acid clean. 



46. A method of forming a capacitor in a semiconductor device, the semiconductor device 
comprising a substrate having a diffusion area formed therein, an insulative layer overlying the 
substrate, a conductive plug formed in an opening through the insulative layer and in electrical 
contact with the diffusion area in the substrate, and a container opening formed through the 
insulating layer to expose a portion of the conductive plug; the method comprising the steps of: 

forming a texturizing layer over the insulating layer and the conductive plug by 
depositing a silicon-comprising hydrocarbon polymeric material thereover and exposing the 
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polymeric material to ultraviolet radiation and ozone, whereby the polymeric material forms 
nanostructures comprising a silicon-comprising ceramic; 

removing at least a portion of the texturizing layer to expose the conductive plug; 

forming a conductive layer over the texturizing layer to form the lower capacitor 
electrode; 

forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

47. The method of Claim 46, wherein the texturizing layer comprises a silicon oxycarbide 
ceramic. 

48. The method of Claim 46, wherein the step of forming the texturizing layer comprises 
exposing the polymeric material to the ultraviolet light and ozone at room temperature. 

49. The method of Claim 46, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

50. The method of Claim 46, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

5 1 . The method of Claim 46, wherein the nanostructures are in the form of struts. 

52. A method of forming a lower capacitor electrode in a semiconductor device, the 
semiconductor device comprising a substrate, an insulative layer overlying the substrate, a 
conductive plug formed within an opening in the insulative layer and in electrical contact with an 
active area within the substrate, and an opening formed through the insulating layer and exposing 
a surface of the conductive plug; the method comprising the steps of: 

forming a texturizing layer comprising nanostructures comprising a silicon- comprising 
ceramic, the texturizing layer formed by depositing a polymeric material over the insulating layer 
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and the conductive plug, and exposing the polymeric material to ultraviolet radiation and ozone 

at room temperature to form the nanostructures; the polymeric material comprising a 

hydrocarbon block and a silicon-containing block; 

removing at least a portion of the texturizing layer to expose the conductive plug; and 
forming a conductive layer over the texturizing layer to form the lower capacitor 

electrode. 

53. The method of Claim 52, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

54. The method of Claim 52, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

55. The method of Claim 52, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

56. The method of Claim 52, wherein the polymeric material comprises a triblock copolymer 
of the type A|BA 2 , where the "A" copolymer is the hydrocarbon block and the "B" copolymer is 
the silicon-containing block. 

57. The method of Claim 56, wherein the hydrocarbon block comprises polyisoprene, and 
the silicon-comprising block comprises poly(pentamethyldisilylstyrene). 

58. The method of Claim 52, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

59. A method of forming a capacitor in a semiconductor device, the semiconductor device 
comprising a substrate, an insulative layer overlying the substrate, a conductive plug formed 
within an opening in the insulative layer and in electrical contact with an active area within the 
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substrate, and a container formed through the insulating layer and exposing a surface of the 

conductive plug; the method comprising the steps of: 

forming a texturizing layer comprising nanostructures comprising a silicon- comprising 

ceramic, the texturizing layer formed by depositing a polymeric material over the insulating layer 

and the conductive plug, and exposing the polymeric material to ultraviolet radiation and ozone 

at room temperature to form the nanostructures; the polymeric material comprising a 

hydrocarbon block and a silicon-containing block; 

removing at least a portion of the texturizing layer to expose the conductive plug; and 
forming a conductive layer over the texturizing layer to form the lower capacitor 

electrode; 

forming a barrier layer to fill the container; 

removing the conductive layer from horizontal surfaces of the insulative layer; 
removing the barrier layer from the container; 
forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

60. The method of Claim 59, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

61 . The method of Claim 59, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

62. The method of Claim 59, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

63. The method of Claim 59, wherein the barrier layer comprises a resist material, and the 
step of removing the barrier layer is by a piranha wet etch comprising sulfuric acid and an 
oxidant. 
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64. The method of Claim 59, wherein the barrier layer is a resist material, and the step of 
removing the barrier layer is by a wet etch comprising an organic solvent. 

65. The method of Claim 59, further comprising, after the step of removing the barrier layer, 
the step of removing native oxide from exposed surfaces of the insulating layer and the 
conductive layer. 

66. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a silicon-comprising ceramic; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

67. The capacitor of Claim 66, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

68. The capacitor of Claim 66, wherein the nanostructures are in the form of porous 
structures. 

69. The capacitor of Claim 66, wherein the nanostructures are in the form of relief structures. 

70. The capacitor of Claim 69, wherein the nanostructures are in the form of struts. 

71 . The capacitor of Claim 66, wherein the nanostructures are formed by ultraviolet 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 

72. The capacitor of Claim 71 , wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a relief nanostructure. 
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73. The capacitor of Claim 71 , wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a porous nanostructure. 

74. The capacitor of Claim 71 , wherein the hydrocarbon block comprises polyisoprene, and 
the silicon-comprising block comprises poly(pentamethyldisilylstyrene). 

75. The capacitor of Claim 71 , wherein the polymeric material comprises 
poly(dimethylsiloxane). 

76. The capacitor of Claim 66, wherein the dielectric layer comprises silicon nitride. 

77. The capacitor of Claim 66, wherein the upper capacitor electrode comprises a doped 
polysilicon. 

78. The capacitor of Claim 66, wherein the upper capacitor electrode comprises a conductive 
metal. 

79. The capacitor of Claim 66, wherein the capacitor is integrated into a DRAM cell. 

80. A capac i tor , compri sing : 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a silicon oxycarbide ceramic; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

81 . The capacitor of Claim 80, wherein the nanostructures are in the form of porous 
structures. 
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82. The capacitor of Claim 80, wherein the nanostructures are in the form of relief structures. 

83. The capacitor of Claim 82, wherein the nanostructures are in the form of struts. 

84. The capacitor of Claim 83, wherein the nanostructures comprise an ultraviolet irradiated 
and ozonolyzed polymeric material comprising a hydrocarbon block and a silicon-containing 
block. 

85. The capacitor of Claim 80, wherein the capacitor is integrated into a DRAM cell. 

86. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising nanostructures comprising a polymeric silicon-comprising ceramic 
formed by UV irradiation and ozonolysis of a polymeric material comprising a hydrocarbon 
block and a silicon-containing block; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

87. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a relief nanostructure. 

88. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a porous nanostructure. 

89. A method of forming a lower capacitor electrode over a substrate in a semiconductor 
device, the method comprising the steps of: 

forming a texturizing underlayer by: 

depositing a conformal layer of a first conductive metal onto the substrate; 
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depositing one or more conformal layers of a second conductive metal over the first 
conductive metal layer; 

annealing the first and second conductive metal layers; and 
depositing a layer of a third conductive metal in gas phase onto the texturizing layer. 

90. The method of Claim 89 3 wherein the depositing third conductive layer agglomerates into 
clusters onto the texturizing layer. 

91 . The method of Claim 90, wherein the texturizing layer comprises a strain relief pattern. 

92. The method of Claim 89, wherein the step of depositing the first conductive metal is by 
chemical vapor deposition, or physical vapor deposition. 

93. The method of Claim 89, wherein the step of depositing the second conductive metal is 
by chemical vapor deposition, evaporation, or physical vapor deposition. 

94. The method of Claim 89, wherein the step of depositing the second conductive metal 

comprises depositing a plurality of monolayers of the second conductive metal. 

\ 

95. The method of Claim 89, wherein the third conductive metal is deposited by an 
evaporation technique. 

96. The method of Claim 89, wherein the first conductive metal comprises platinum. 

97. The method of Claim 96, wherein the second conductive metal is selected from the group 
consisting of silver and copper. 

98. The method of Claim 89, wherein the second and third conductive metals comprise 
silver. 
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99. The method of Claim 98 5 wherein the first and second metal layers are annealed to a 
temperature of about 800K. 

100. The method of Claim 98, wherein the step of depositing the third conductive metal 
comprises depositing the silver in gaseous form by evaporation technique at a temperature of 
about 100K to about 130K. 

101 . The method of Claim 89, wherein the first conductive metal is platinum, the second 
conductive metal is copper, and the third conductive metal is cobalt. 

102. The method of Claim 89, further comprising, after the step of depositing the layer of the 
third conductive metal, the steps of: 

forming a dielectric layer over the lower capacitor electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

103. The method of Claim 89, wherein the substrate comprises a diffusion area, and a 
conductive plug is formed in an opening through the insulative layer and in electrical contact 
with the diffusion area and the lower capacitor electrode. 

104. The method of Claim 89, wherein the capacitor is integrated into a DRAM cell. 

105. A method of forming a lower capacitor electrode in a semiconductor device, the method 
comprising the steps of: 

forming a texturizing underlayer by depositing a layer of a first conductive metal onto a 
substrate, and a layer of a second conductive metal over the first conductive metal layer; and 
annealing the first and second conductive metal layers to form a periodic network of 
metal-comprising nanostructures; and 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer. 
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106. The method of Claim 105, wherein depositing the third conductive metal results in a 
plurality of island clusters formed over the texturizing layer. 

107. A method of forming a lower capacitor electrode in a container formed within an 
insulative layer overlying a substrate in a semiconductor device, the method comprising the steps 
of: 

depositing a layer of a first conductive metal onto the insulative layer; 

depositing a layer of a second conductive metal onto the first conductive metal layer; 

annealing the first and second conductive metal layers to form a texturizing layer 
comprising periodically arrayed nanostructures; and 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer, 
wherein the depositing third conductive layer agglomerates onto the texturizing layer to form 
clusters. 

108. The method of Claim 107, wherein the step of depositing the second conductive metal 
comprises depositing a plurality of monolayers of the second conductive metal. 

109. The method of Claim 107, wherein the first conductive metal comprises platinum. 

110. The method of Claim 109, wherein the second and third conductive metals comprise 
silver. 

111. The method of Claim 1 10, wherein the first and second metal layers are annealed to a 
temperature of about 800K. 

1 12. The method of Claim 110, wherein the step of depositing the gas phase third conductive 
metal is at a temperature of about 100K to about 130K. 

15 

MKE/8 14226.1 
USSN 10/050,390 
Docket: MTI-31269 
Claims (amended Jan 2003) 



Blacklined Claims 

113. The method of Claim 1 07, wherein the first conductive metal comprises platinum, the 
second conductive metal comprises copper, and the third conductive metal comprises cobalt. 

1 14. The method of Claim 1 07, further comprising, after the step of depositing the layer of the 
third conductive metal, the steps of: 

forming a dielectric layer over the lower capacitor electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

115. A method of forming a capacitor in a semiconductor device, comprising the steps of: 
providing a substrate comprising a diffusion area, an insulative layer overlying the 

substrate, a conductive plug formed in an opening through the insulative layer and in electrical 
contact with the diffusion area in the substrate, and a container opening formed through the 
insulating layer to expose a portion of the conductive plug; 
forming a texturizing underlayer by: 

depositing a conformal layer of a first conductive metal onto the insulative layer; 
depositing a conformal layer of a second conductive metal over the first conductive 
metal layer; and 

annealing the first and second conductive metal layers to form metal-comprising 
surface dislocations over the insulative layer; 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer to 
form the lower capacitor electrode, wherein the depositing third conductive layer 
agglomerates onto the surface dislocations of the texturizing layer to form nanostructures; 
forming a dielectric layer over the lower capacitor electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

1 1 6. The method of Claim 1 1 5, wherein the nanostructures are in the form of island clusters. 

1 1 7. The method of Claim 1 1 5, wherein the first conductive metal comprises platinum, and 
the second and third conductive metals comprise silver. 
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1 1 8. The method of Claim 1 1 5, wherein the first conductive metal comprises platinum, the 
second conductive metal comprises copper, and the third conductive metal comprises cobalt. 

1 19. The method of Claim 1 1 5 5 further comprising, after the step of depositing the third 
conductive layer, the steps of forming a barrier layer to fill the container, removing the 
conductive layers of the lower capacitor electrode from horizontal surfaces of the insulative 
layer, and removing the barrier layer from the container. 

120. The method of Claim 119, wherein the barrier layer comprises a resist material. 

121 . The method of Claim 120, wherein the step of removing the barrier layer comprises a wet 
etch process. 

122. The method of Claim 119, wherein the step of removing the conductive layers is by 
chemical-mechanical polishing. 

123. The method of Claim 119, further comprising, after the step of removing the barrier 
layer, the step of removing native oxide from exposed surfaces of the insulating layer and the 
lower capacitor electrode. 

124. The method of Claim 123, wherein the step of removing the native oxide comprises a 
hydrofluoric acid clean. 

125. A method of forming a capacitor in a semiconductor device, the semiconductor device 
comprising a substrate, an insulative layer overlying the substrate, a conductive plug formed 
within an opening in the insulative layer and in electrical contact with an active area within the 
substrate, and a container formed through the insulating layer and exposing a surface of the 
conductive plug; the method comprising the steps of: 
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forming a texturizing underlayer by forming a layer of a first conductive metal onto the 
insulative layer, and a layer of a second conductive metal over the first conductive metal layer; 
and annealing the first and second conductive metal layers to form metal-comprising surface 
dislocations over the insulative layer; and 

forming a conductive layer over the texturizing layer to form the lower capacitor 
electrode by depositing a layer of a third conductive metal in gas phase onto the texturizing 
layer, wherein the depositing third conductive layer agglomerates onto the texturizing layer to 
form island clusters on the surface dislocations of the texturizing layer; 

forming a barrier layer to fill the container; 

removing the conductive layers from horizontal surfaces of the insulative layer; 
removing the barrier layer from the container; 
forming a dielectric layer oyer the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

126. The method of Claim 125, wherein the third conductive metal is deposited in gaseous 
form by an evaporation technique. 

127. The method of Claim 125, wherein the first conductive metal comprises platinum. 

128. The method of Claim 127, wherein the second and third conductive metals comprise 
silver. 

129. The method of Claim 125, further comprising, after the step of removing the barrier 
layer, the step of removing native oxide from exposed surfaces of the insulating layer and the 
conductive layer. 

1 30. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising surface dislocations comprising an annealed conductive metal, and 
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the overlying conductive layer comprising clusters of a conductive metal formed on the surface 
dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

131. The capacitor of Claim 130, wherein the texturizing layer comprises a strain relief 
pattern. 

1 32. The capacitor of Claim 1 30, wherein the texturizing layer comprises a trigonal 
dislocation network comprising a plurality of unit cells. 

133. The capacitor of Claim 130, wherein the overlying conductive layer comprises one island 
cluster within a single unit cell of the dislocation network. 

134. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
a first and second conductive metal, the first conductive metal selected from the group consisting 
of platinum, and the second conductive metal is selected from the group consisting of silver, and 
copper. 

135. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and silver, and the overlying conductive layer comprises a gaseous deposit of silver. 

136. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and copper, and the overlying conductive layer comprises a gaseous deposit of cobalt. 

137. The capacitor of Claim 1 30, wherein the upper capacitor plate comprises a doped 
polysilicon. 
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138. The capacitor of Claim 1 30, wherein the upper capacitor plate comprises a conductive 
metal. 

139. The capacitor of Claim 1 30, wherein the capacitor is integrated into a DRAM cell. 

140. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising a periodic network of surface dislocations comprising an annealed 
conductive metal overlying the insulative layer; and the lower capacitor plate comprising an 
ordered array of nanostructures formed on the surface dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

141 . The capacitor of Claim 140, wherein the texturizing layer comprises an annealed layer of 
a first and second conductive metal, and the overlying conductive layer comprises a gaseous 
deposit of a third conductive metal. 

142. The capacitor of Claim 140, wherein the texturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silver. 

143. The capacitor of Claim 140, wherein the texturizing layer comprises platinum and 
copper, and the overlying conductive layer comprises cobalt. 

144. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising an annealed layer of a first and second conductive metal comprising 
surface dislocations, and the conductive layer comprising agglomerated island clusters of a 
conductive metal on the surface dislocations of the texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 
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an upper capacitor plate overlying the dielectric layer. 

145. The capacitor of Claim 144, wherein the conductive layer comprises a gaseous deposit of 
a third conductive metal to form the agglomerated island clusters. 

146. The capacitor of Claim 144, wherein the texturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silver. 

147. The capacitor of Claim 144, wherein the texturizing layer comprises a strain relief 
pattern. 

148. The capacitor of Claim 144, wherein the texturizing layer comprises a trigonal 
dislocation network comprising a plurality of unit cells. 

149. The capacitor of Claim 148, wherein the overlying conductive layer comprises one island 
cluster within a single network unit cell of the texturizing layer. 

150. The capacitor of Claim 144, wherein the capacitor is integrated into a DRAM cell. 

151. A semiconductor circuit, comprising a capacitor; 

the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 
a texturizing layer; the texturizing layer comprising nanostructures comprising a silicon 
oxycarbide ceramic and formed by ultraviolet irradiation and ozonolysis of a polymeric material 
comprising a hydrocarbon block and a silicon-containing block. 

152. The semiconductor circuit of Claim 151, wherein the nanostructures form a periodic 
network, and the overlying conductive layer comprises an ordered array of island clusters. 

1 53. The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
porous structures. 
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1 54. The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
relief structures. 

155. The semiconductor circuit of Claim 1 5 1 5 wherein the conductive layer of the lower 
capacitor electrode comprises doped amorphous silicon, pseudo-crystalline silicon, or 
polycrystalline silicon. 

1 56. The semiconductor circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises a conductive metal. 

1 57. A semiconductor circuit, comprising a capacitor; 

the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 
a texturizing layer; the texturizing layer comprising an annealed layer of a first and a second 
conductive metal comprising surface dislocations; and the overlying conductive layer comprising 
agglomerated island clusters of a conductive metal on the surface dislocations of the texturizing 
layer. 

1 58. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor formed in a container and in electrical contact with an active area 
within a semiconductive substrate of the memory cell array, the capacitor comprising a lower 
capacitor plate comprising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising nanostructures comprising a polymeric silicon-comprising ceramic formed by UV 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 
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1 59. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor formed in a container and in electrical contact with an active area 
within a semiconductive substrate of the memory cell array, the capacitor comprising a lower 
capacitor plate comprising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising an annealed layer of a first and a second conductive metal comprising surface 
dislocations; and the overlying conductive layer comprising agglomerated island clusters of a 
conductive metal on the surface dislocations of the texturizing layer. 

160. (new ^ A ca pacitor, com prising: 

a lower capacitor plate comprising a conductive layer o verlvin g a texturizin g layer: the 
texturizin g laver comprising an ordered arrav of nanostructures of substantially uniform size: 
a dielectric layer overlying the lower capacitor plate: and 
an upper capacitor plate overlying the dielectric layer. 

161. (new) The cap acitor of Cl aim 160. wherein the texturizing laver comprises a polymeric 
material. 

162. (new ) The ca pacitor of Claim 16L wherein th e polymeric material comprises a 
hydrocarbon block and a silicon-containing block. 

163. (new ) The ca pacitor of C laim 1 62. wherein th e pol ymeric material comprise s polvisoprene 
and polvfpentamethvldisilvlstvreneV 

164. (new) The capacitor of Claim 160. wherein the texturizing laver comprises a conductive 
material. 
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165. (new) The capacitor of Claim 164. wherei n the texturizing laver com prises at least two 
conductive metals. 

166. (ne w) The capacitor of Claim 165. wherein the texturizing laver comprises p latinum, and 
at least one of silver and copper. 

167. (new ) The cap acitor of Claim 164. wherein the conductive laver comp rises a pl urality of 
metal island clusters. 

168. (new) The cap acitor of Claim 160. wherein the texturizing laver comprises a p lurality of 
two-dimensional structures. 

169. (new) A capacitor, com prising: 

a lower capacitor plate comprising a conductive laver overlving a texturizing laver: the 
texturizing layer com prising a periodic network of su rface structures having a substantially 
uniform height: 

a dielectric laver overl vin g the lower cap acitor plate: and 

an upper capacitor p late overlvin g the dielectric laver. 

170. (new) A capa citor, comprising: 

a lower capa citor plate comprising a conductive laver o verlving a texturizin g laver: the 
texturizing laver comprising an ordered array of nanostructures of substantially uniform 
dimensions: ' 

a_dielectric layer ove rlying the lower ca pacitor plate^nd 
an upper cap acitor plate overlving the dielectric lay er. 

171. (new) A semicon ductor circuit, comprising a capacitor according to Claim 1 60. 
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172. (new) The circuit of Claim 17 1. wherein the texturizi ng laver com prises a polymeric 
material. 

173. (new) The circuit of Claim 172. wherein t he polymeric material comprises a hydrocarbon 
block and a silicon-containing block. 

174. (new') The circuit of Claim 171, wherein the t exturizine layer comprises a co nductive 
material. 

175. (new) The circuit of Claim 174. wherein the texturizing layer comprises at least two 
conductiv e metals. 

1 76. (new) The circuit of Claim 1 75, wherein the texturizing layer comprises p latinum, and at 
least one of silver and copper. 

177. (new) A semiconductor circuit, comprising a capacit or accordin g to Claim 169. 

178. (new ) A se miconductor circuit, comprising a capac itor acco rding to C laim 170. 

179. (new) An integrated circuit, comprising: 

an array of me mory cells; 
internal circuitry: and 

at least one capacitor according to Claim 160. the capaci tor formed in a container and in 
electrical contact with an active area within a semiconductive substrate of the memory cell array. 

180. (new) The circuit of Claim 179. wherein the texturizing laver comprises a polymeric 
material. 
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181. (new) The circuit of Claim 180. wherein t he polymeric material comprises a h ydrocarbon 
block and a silicon-containing block. 

1 82. (new) The circuit of Claim 1 79. wherein the texturizi ng layer comprises a conductive 
material. 

183. (new) The circuit of Claim 182. wherein the texturizing layer comprises at least two 
conductive metals. 

184. (new) The circuit of Claim 183. wherein the texturizing layer com prises platinum, and at 
least one of silver a nd copper. 

185. (new) An integrated circuit, comprising: 

an array of memory cells: 
internal circuitry; and 

at least one c a pacitor a ccording to Claim 169. the capacitor formed in a container and in 
electrical contact with an active area within a sem iconductive substra te of the memory ce ll array. 

1 86. (new) An integrated circuit, comprising: 

an array of memory cells: 
internal circuitry: and 

aUeast one capacitor according to Claim 170. the capacitor formed in a cont ainer and in 
electrical co ntact with an active area within a semiconductive substrate of the memo ry cell array. 

187. (new) An integrated cir cuit sup ported by a substrate, and comprising a capacitor ac cording 
to Claim 66. 

1 88. (new) An integrated circuit supported by a substrate, and comprising a capacitor according 
to Claim 130. 
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189. (new) An integrated circuit supported bv a substrate, and comprising a cap acitor according 
to Claim 160. 
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IS CLAIMED IS: , 

1 . A method of forming a lower capacitor electrode, comprising the steps of: 

forming a texturizing layer over an insulative layer, the texturizing layer comprising an 
ordered array of nanostructures of substantially uniform size; and 
forming a conductive layer over the texturizing layer. 

2. The method of Claim 1 , wherein the texturizing layer comprises a polymeric material. 

3. The method of Claim 2, wherein the polymeric material comprises a hydrocarbon block 
and a silicon-containing block. 

4. The method of Claim 3, wherein the polymeric material comprises polyisoprene and 
poly(pentamethyldisilylstyrene). 

5. The method of Claim 2, wherein the step of forming the texturizing layer comprising 
depositing a polymeric material comprising a hydrocarbon block and a silicon-containing block 
onto the insulative layer; and exposing the polymer material to ozone and electromagnetic 
radiation. 

6. The method of Claim 1 , wherein the texturizing layer comprises a conductive material. 



7. The method of Claim 6, wherein the texturizing layer comprises at least two conductive 
metals. 



8. The method of Claim 7, wherein the texturizing layer comprises platinum, and at least 
one of silver and copper. 

9. The method of Claim 7, wherein the step of forming the texturizing layer comprises: 
depositing a first conductive metal onto the insulative layer; 
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depositing a second conductive metal onto the first conductive metal; and 
annealing the metals to form a strain relief pattern. 

10. The method of Claim 9, wherein the step of forming the conductive layer over the 
texturizing layer comprises depositing a conductive metal in a gaseous phase. 

1 1 . The method of Claim 10, wherein the conductive layer comprises a plurality of metal 
island clusters. 

12. The method of Claim 9, wherein the texturizing layer comprises a plurality of two- 
dimensional structures. 

13. A method of forming a lower capacitor electrode, comprising the steps of: 

forming a texturizing layer over an insulating layer, the texturizing layer comprising a 
periodic network of surface structures having a substantially uniform height; and 
forming a conductive layer over the texturizing layer. 

1 4. A method of forming a lower capacitor electrode, comprising the steps of; 
depositing a texture-forming material onto an insulating layer; 

forming the material into an ordered array of nanostructures of substantially uniform 
dimensions; and 

depositing a conductive layer onto the nanostructures. 

15. A method of forming a lower capacitor electrode in a container formed within an 
insulative layer overlying a substrate in a semiconductor device, the method comprising the steps 
of: 

forming a texturizing underlayer by depositing a polymeric material over the insulative 
layer, and exposing the polymeric material to ultraviolet radiation and ozone whereby the 
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polymeric material forms into nanostructures comprising a silicon-comprising ceramic; the 
polymeric material comprising a hydrocarbon block and a silicon-containing block; and 
forming a conductive layer over the texturizing layer. 

16. The method of Claim 1 5, wherein the step of forming the texturizing layer comprises 
exposing the polymeric material to the ultraviolet light and ozone at room temperature. 

17. The method of Claim 15, wherein the polymeric material comprises a triblock copolymer 
of the type A1BA2, where the "A" copolymer is the hydrocarbon block and the "B" copolymer is 
the silicon-containing block. 

1 8. The method of Claim 1 7, wherein the hydrocarbon block comprises polyisoprene. 

19. The method of Claim 17, wherein the silicon-comprising block comprises 
poly(pentamethyldisilylstyrene). 

20. The method of Claim 15, wherein the polymeric material comprises 
poly(dimethy 1 si loxane) . 

21 . The method of Claim 1 5, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

22. The method of Claim 15, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

23. The method of Claim 15, wherein the step of depositing the polymeric material comprises 
a vapor deposition polymerization. 
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24. The method of Claim 1 5, wherein the step of depositing the polymeric material comprises 
field enhanced polymerization vapor deposition polymerization. 

25. The method of Claim 1 5, wherein the step of depositing the polymeric material comprises 
a spin-on deposition. 

26. The method of Claim 15, wherein the step of depositing the polymeric material comprises 
a Langmuir-Blodgett deposition. 

27. The method of Claim 15, wherein the nanostructures are in the form of porous structures. 

28. The method of Claim 15, wherein the nanostructures are in the form of relief structures. 

29. The method of Claim 28, wherein the relief structures are selected from the group 
consisting of struts and gyroids. 

30. The method of Claim 28, wherein the nanostructures are in the form of struts. 

3 1 . The method of Claim 1 5, further comprising, after the step of forming the conductive 
layer, the steps of: 

forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

32. The method of Claim 15, wherein the substrate comprises a diffusion area, and a 
conductive plug is formed in an opening through the insulative layer and in electrical contact 
with the diffusion area and the lower capacitor electrode. 

33. The method of Claim 15, wherein the capacitor is integrated into a DRAM cell. 
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• 34. . A method of forming a capacitor in a semiconductor device, comprising the steps of: 
providing a substrate comprising a diffusion area, an insulative layer overlying the 

substrate, a conductive plug formed in an opening through the insulative layer and in electrical 

contact with the diffusion area in the substrate, and a container opening formed through the 

insulating layer to expose a portion of the conductive plug; 

forming a texturizing layer by depositing a silicon-comprising hydrocarbon polymeric 

material over the insulating layer and the conductive plug, and exposing the polymeric material 

to ultraviolet radiation and ozone to form nanostructures comprising a silicon oxycarbide 

ceramic; 

removing at least a portion of the texturizing layer to expose the conductive plug; 
forming a conductive layer over the texturizing layer to form the lower capacitor 
electrode; 

forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

35. The method of Claim 34, wherein the polymeric material comprises a triblock copolymer 
of the type A1BA2, where the "A" copolymer is the hydrocarbon block and the "B" copolymer is 
the silicon-containing block. > 

36. The method of Claim 35, wherein the hydrocarbon block comprises polyisoprene. 

37. The method of Claim 35, wherein the silicon-comprising block comprises 
poly(pentamethyldisilylstyrene). 

38. The method of Claim 34, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

39. The method of Claim 34, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 
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40. The method of Claim 34, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

41 . The method of Claim 34, further comprising, after the step of forming the conductive 
layer, the steps of: 

forming a barrier layer to fill the container; 

removing the conductive layer from horizontal surfaces of the insulative layer; and 
removing the barrier layer from the container. 

42. The method of Claim 4 1 , wherein the barrier layer comprises a resist material. 

43. The method of Claim 41. wherein the step of removing the conductive layer is by 
chemical-mechanical polishing. 

44. The method of Claim 41, further comprising, after the step of removing the barrier layer, 
the step of removing native oxide from exposed surfaces of the insulating layer and the 
conductive layer. 

45. The method of Claim 44, wherein the step of removing the native oxide is by a 
hydrofluoric acid clean. 

46. * A method of forming a capacitor in a semiconductor device, the semiconductor device 
comprising a substrate having a diffusion area formed therein, an insulative layer overlying the 
substrate, a conductive plug formed in an opening through the insulative layer and in electrical 
contact with the diffusion area in the substrate, and a container opening formed through the 
insulating layer to expose a portion of the conductive plug; the method comprising the steps of: 

forming a texturizing layer over the insulating layer and the conductive plug by 
depositing a silicon-comprising hydrocarbon polymeric material thereover and exposing the 
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polymeric material to ultraviolet radiation and ozone, whereby the polymeric material forms 
nanostructures comprising a silicon-comprising ceramic; 

removing at least a portion of the texturizing layer to expose the conductive plug; 

forming a conductive layer over the texturizing layer to form the lower capacitor 
electrode; 

forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

47. The method of Claim 46, wherein the texturizing layer comprises a silicon oxycarbide 
ceramic. 

48. The method of Claim 46, wherein the step of forming the texturizing layer comprises 
exposing the polymeric material to the ultraviolet light and ozone at room temperature. 

49. The method of Claim 46, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

50. The method of Claim 46, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

5 1 . The method of Claim 46, wherein the nanostructures are in the form of struts. 

52. A method of forming a lower capacitor electrode in a semiconductor device, the 
semiconductor device comprising a substrate, an insulative layer overlying the substrate, a 
conductive plug formed within an opening in the insulative layer and in electrical contact with an 
active area within the substrate, and an opening formed through the insulating layer and exposing 
a surface of the conductive plug; the method comprising the steps of: 

forming a texturizing layer comprising nanostructures comprising a silicon- comprising 
ceramic, the texturizing layer formed by depositing a polymeric material over the insulating layer 
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and the conductive plug, and exposing the polymeric material to ultraviolet radiation and ozone 

at room temperature to form the nanostructures; the polymeric material comprising a 

hydrocarbon block and a silicon-containing block; 

removing at least a portion of the texturizing layer to expose the conductive plug; and 
forming a conductive layer over the texturizing layer to form the lower capacitor 

electrode. 

53. The method of Claim 52, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

54. The method of Claim 52, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

55. The method of Claim 52, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

56. The method of Claim 52, wherein the polymeric material comprises a triblock copolymer 
of the type A1BA2, where the "A" copolymer is the hydrocarbon block and the "B" copolymer is 
the silicon-containing block. 

57. The method of Claim 56, wherein the hydrocarbon block comprises polyisoprene, and 
the silicon-comprising block comprises poly(pentamethyldisilylstyrene). 

58. The method of Claim 52, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

L 

59. A method of forming a capacitor in a semiconductor device, the semiconductor device 
"comprising a substrate, an insulative layer overlying the substrate, a conductive plug formed 
within an opening in the insulative layer and in electrical contact with an active area within the 
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substrate, and a container formed through the insulating layer and exposing a surface of the 

conductive plug; the method comprising the steps of: 

forming a texturizing layer comprising nanostructures comprising a silicon- comprising 

ceramic, the texturizing layer formed by depositing a polymeric material over the insulating layer 

and the conductive plug, and exposing the polymeric material to ultraviolet radiation and ozone 

at room temperature to form the nanostructures; the polymeric material comprising a 

hydrocarbon block and a silicon-containing block; 

removing at least a portion of the texturizing layer to expose the conductive plug; and 
forming a conductive layer over the texturizing layer to form the lower capacitor 

electrode; 

forming a barrier layer to fill the container; 

removing the conductive layer from horizontal surfaces of the insulative layer; 
removing the barrier layer from the container; 
forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

60. The method of Claim 59, wherein the nanostructures comprise a silicon oxycarbide 
ceramic. 

61 . The method of Claim 59, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a relief structure. 

62. The method of Claim 59, wherein the polymeric material comprises a volume fraction of 
the hydrocarbon block relative to the silicon-containing block to form a porous structure. 

63. The method of Claim 59, wherein the barrier layer comprises a resist material, and the 
step of removing the barrier layer is by a piranha wet etch comprising sulfuric acid and an 
oxidant. 
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* " The method of Claim 59, wherein the barrier layer is a resist material, and the step of 
remo\W the barrier layer is by a wet etch comprising an organic solvent. 

65. The mkhod of Claim 59, further comprising, after the step of removing the barrier layer, 
the step of removing native oxide from exposed surfaces of the insulating layer and the 
conductive laysf . 

66. A capacitor, comprising:- 
a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 

texturizing layer comprising nanostmctures comprising a silicon-comprising ceramic; 
a dielectric layer overlying thrower capacitor plate; and. 
an upper capacitor plate overlyin^^^ielectric layer. 

67. The capacitor of Claim 66, wherein the^anostructures comprise a silicon oxycarbide 
ceramic. 

68. The capacitor of Claim 66, wherein the nanostructures are in the form of porous 
structures. 

69. The capacitor of Claim 66, wherein the nanostructures Ve in the form of relief structures. 

70. The capacitor of Claim 69, wherein the nanostructures are m the form of struts. 

71 . The capacitor of Claim 66, wherein the nanostructures are formed by ultraviolet 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 

72. The capacitor of Claim 71 , wherein the polymeric material comprises^ volume fraction 
of the hydrocarbon block relative to the silicon-containing block to form a relielEnanostructure. 
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13. The capacitor of Claim 71, wherein the polymeric material comprises a volume fraction 
of n^e hydrocarbon block relative to the silicon-containing block to form a porous nanostructure. 

74. The capacitor of Claim 71 , wherein the hydrocarbon block comprises polyisoprene, and 
the silicon-comprising block comprises poly(pentamethyldisilylstyrene). 

75. The capacitor of Claim 71, wherein the polymeric material comprises 
poly(dimethylsiloxane). 

if V. 

76. The capacitor of ClaM 66, wherein the dielectric layer comprises silicon nitride. 

77. The capacitor of Claim 6ou wherein the upper capacitor electrode comprises a doped 
polysilicon. \ 

78. The capacitor of Claim 66, whereto the upper capacitor electrode comprises a conductive 
metal. \ 

79. The capacitor of Claim 66, wherein the capacitor is integrated into a DRAM cell. 

■ "80. 'A capacitor, comprising: \ 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the. 
texturizing layer comprising nanostructures comprising a silicon oxycarbide ceramic; 
v a dielectric layer overlying the lower capacitor plate; anck 

an upper capacitor plate overlying the dielectric layer. \ 

81 . The capacitor of Claim 80, wherein the nanostructures are in the ibrm of porous 
' structures. 
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The capacitor of Claim 80, wherein the nanostructures are in the form of relief structures. 



83. TH^e capacitor of Claim 82, wherein the nanostructures are in the form of struts. 

84. The capacitor of Claim 83, wherein the nanostructures comprise an ultraviolet irradiated 
and ozonolyzed pofymeric material comprising a hydrocarbon block and a silicon-containing 
block. \ 

85: The capacitor of Claun 80, wherein the capacitor is integrated into a DRAM cell. 

86. A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer overlying a texturizing layer; the 
v texturizing layer comprising nanostractares comprising a polymeric silicon-comprising ceramic 
formed by UV irradiation and ozonolysisW a polymeric material comprising a hydrocarbon 
block and a silicon-containing block; \ 

a dielectric layer overlying the lower catoacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
hydrocarbon block relative to the silicon-containingdMock to form a relief nanostructure. 

88. The capacitor of Claim 86, wherein the polymeric material comprises a volume fraction 
of the hydrocarbon block relative to the silicon-containing block\) form a porous nanostructure. 

89^ A method of forming a lower capacitor electrode over a substrate in a semiconductor 
device, the method comprising the steps of: 
forming a texturizing underlayer by: 

depositing a conformal layer of a first conductive metal onto the substrate; 
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depositing one or more conformal layers of a second conductive metal over the first 
conductive metal layer; 

annealing the first and second conductive metal layers; and 
depositing a layer of a third conductive metal in gas phase onto the texturizing layer. 

90. The method of Claim 89, wherein the depositing third conductive layer agglomerates into 
clusters onto the texturizing layer. 

91. The method of Claim 90, wherein the texturizing layer comprises a strain relief pattern. 

92. The method of Claim 89, wherein the step of depositing the first conductive metal is by 
chemical vapor deposition, or physical vapor deposition. 

93. The method of Claim 89, wherein the step of depositing the second conductive metal is 
by chemical vapor deposition, evaporation, or physical vapor deposition. 

94. The method of Claim 89, wherein the step of depositing the second conductive metal 
comprises depositing a plurality of monolayers of the second conductive metal. 

95. The method of Claim 89, wherein the third conductive metal is deposited by an 
evaporation technique. 

96. The method of Claim 89, wherein the first conductive metal comprises platinum. 

97. The method of Claim 96, wherein the second conductive metal is selected from the group 
consisting of silver and copper. 

98. The method of Claim 89, wherein the second and third conductive metals comprise 
silver. 
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99. The method of Claim 98, wherein the first and second metal layers are annealed to a 
temperature of about 800K. 

100. The method of Claim 98, wherein the step of depositing the third conductive metal 
comprises depositing the silver in gaseous form by evaporation technique at a temperature of 
about 100K to about 130K. 

101 . The method of Claim 89, wherein the first conductive metal is platinum, the second 
conductive metal is copper, and the third conductive metal is cobalt. 

102. The method of Claim 89, further comprising, after the step of depositing the layer of the 
third conductive metal, the steps of: 

forming a dielectric layer over the lower capacitor electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

103. The method of Claim 89, wherein the substrate comprises a diffusion area, and a 
conductive plug is formed in an opening through the insulative layer and in electrical contact 
with the diffusion area and the lower capacitor electrode. 

104. The method of Claim 89, wherein the capacitor is integrated into a DRAM cell. 

1 05. A method of forming a lower capacitor electrode in a semiconductor device, the method 
comprising the steps of: 

forming a texturizing underlayer by depositing a layer of a first conductive metal onto a 
substrate, and a layer of a second conductive metal over the first conductive metal layer; and 
annealing the first and second conductive metal layers to form a periodic network of 
metal-comprising nanostructures; and 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer. 
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106. The method of Claim 105, wherein depositing the third conductive metal results in a 
plurality of island clusters formed over the texturizing layer. 

107. A method of forming a lower capacitor electrode in a container formed within an 
insulative layer overlying a substrate in a semiconductor device, the method comprising the steps 
of: 

depositing a layer of a first conductive metal onto the insulative layer; 

depositing a layer of a second conductive metal onto the first conductive metal layer; 

annealing the first and second conductive metal layers to form a texturizing layer 
comprising periodically arrayed nanostructures; and 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer, 
wherein the depositing third conductive layer agglomerates onto the texturizing layer to form 
clusters. 

108. The method of Claim 107, wherein the step of depositing the second conductive metal 
comprises depositing a plurality of monolayers of the second conductive metal. 

109. The method of Claim 107, wherein the first conductive metal comprises platinum. 

110. The method of Claim 109, wherein the second and third conductive metals comprise 
silver. 

111. The method of Claim 1 1 0, wherein the first and second metal layers are annealed to a 
temperature of about 800K. 

112. The method of Claim 1 1 0, wherein the step of depositing the gas phase third conductive 
metal is at a temperature of about 100K to about 130K. 
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113. The method of Claim 107, wherein the first conductive metal comprises platinum, the 
second conductive metal comprises copper, and the third conductive metal comprises cobalt. 

1 14. The method of Claim 107, further comprising, after the step of depositing the layer of the 
third conductive metal, the steps of: 

forming a dielectric layer over the lower capacitor electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

115. A method of forming a capacitor in a semiconductor device, comprising the steps of: 
providing a substrate comprising a diffusion area, an insulative layer overlying the 

substrate, a conductive plug formed in an opening through the insulative layer and in electrical 
contact with the diffusion area in the substrate, and a container opening formed through the 
insulating layer to expose a portion of the conductive plug: 
forming a texturizing underlayer by: 

depositing a conformal layer of a first conductive metal onto the insulative layer; 
depositing a conformal layer of a second conductive metal over the first conductive 
metal layer; and 

annealing the first and second conductive metal layers to form metal-comprising 
surface dislocations over the insulative layer; x 

depositing a layer of a third conductive metal in gas phase onto the texturizing layer to 
form the lower capacitor electrode, wherein the depositing third conductive layer x 
agglomerates onto the surface dislocations of the texturizing layer to form nanostructures; 
forming a dielectric layer over the lower capacitor electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

1 16. The method of Claim 115, wherein the nanostructures are in the form of island clusters. 

1 1 7. The method of Claim 115, wherein the first conductive metal comprises platinum, and 
the second and third conductive metals comprise silver. 
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118. The method of Claim 1 1 5, wherein the first conductive metal comprises platinum, the 
second conductive metal comprises copper, and the third conductive metal comprises cobalt. 

1 1 9. The method of Claim 1 1 5, further comprising, after the step of depositing the third 
conductive layer, the steps of forming a barrier layer to fill the container, removing the 
conductive layers of the lower capacitor electrode from horizontal surfaces of the insulative 
layer, and removing the barrier layer from the container. 

1 20. The method of Claim 1 1 9, wherein the barrier layer comprises a resist material. 

121. The method of Claim 1 20, wherein the step of removing the barrier layer comprises a wet 
etch process. 

1 22. The method of Claim 1 1 9, wherein the step of removing the conductive layers is by 
chemical-mechanical polishing. 

1 23. The method of Claim 1 1 9, further comprising, after the step of removing the barrier 
layer, the step of removing native oxide from exposed surfaces of the insulating layer and the 
lower capacitor electrode. 

124. The method of Claim 123, wherein the step of removing the native oxide comprises a 
hydrofluoric acid clean. 

125. A method of forming a capacitor in a semiconductor device, the semiconductor device 
comprising a substrate, an insulative layer overlying the substrate, a conductive plug formed 
within an opening in the insulative layer and in electrical contact with an active area within the 
substrate, and a container formed through the insulating layer and exposing a surface of the 
conductive plug; the method comprising the steps of: 
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forming a texturizing underlayer by forming a layer of a first conductive metal onto the 
insulative layer, and a layer of a second conductive metal over the first conductive metal layer; 
and annealing the first and second conductive metal layers to form metal-comprising surface 
dislocations over the insulative layer; and 

forming a conductive layer over the texturizing layer to form the lower capacitor 
electrode by depositing a layer of a third conductive metal in gas phase onto the texturizing 
layer, wherein the depositing third conductive layer agglomerates onto the texturizing layer to 
form island clusters on the surface dislocations of the texturizing layer; 

forming a barrier layer to fill the container; 

removing the conductive layers from horizontal surfaces of the insulative layer; 
removing the barrier layer from the container; 
forming a dielectric layer over the lower electrode; and 
forming an upper capacitor electrode over the dielectric layer. 

126. The method of Claim 125, wherein the third conductive metal is deposited in gaseous 
form by an evaporation technique. 

127. The method of Claim 125, wherein the first conductive metal comprises platinum. 

128. The method of Claim 127, wherein the second and third conductive metals comprise 
silver. 

129. The method of Claim 125, further comprising, after the step of removing the barrier 
layer, the step of removing native oxide from exposed surfaces of the insulating layer and the 
conductive layer. 

130. A capacitor, composing: 

a lower capacitor pla^^iprising a conductive layer overlying a texturizing layer; the 
texturizing layer comprising suoace dislocations comprising an annealed conductive metal, and 
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the overlyihg conductive layer comprising clusters of a conductive metal formed on the surface 
dislocations oithe texturizing layer; 

a dielectric layer overlying the lower capacitor plate; and 

an upper capacitor plate overlying the dielectric layer. 

131. The capacitor ofX^laim 1 30, wherein the texturizing layer comprises a strain relief 
pattern. 

132. The capacitor of ClaimNl 30, wherein the texturizing layer comprises a trigonal 
dislocation network comprising aamiiafflty of unit cells. 

133. The capacitor of Claim 1 30, ^herein the overlying conductive layer comprises one island 
cluster within a single unit cell of the dislocation network. 



1 34. The capacitor of Claim 1 30, whereih the texturizing layer comprises an annealed layer of 
a first and second conductive metal, the first Conductive metal selected from the group consisting 
of platinum, and the second conductive metal ^selected from the group consisting of silver, and 
copper. 



135. The capacitor of Claim 130, wherein the texturizing layer comprises an annealed layer of 
platinum and silver, and the overlying conductive layeiycomprises a gaseous deposit of silver. 

1 36. The capacitor of Claim 1 30, wherein the texturizing layer comprises an annealed layer of 
platinum and copper, and the overlying conductive layer comprises a gaseous deposit of cobalt. 

137. The capacitor of Claim 130, wherein the upper capacitonplate comprises a doped 
polysilicon. 
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r^8. The capacitor of Claim 1 30, wherein the upper capacitor plate comprises a conductive 
meta 

1 39. Tf^capacitor of Claim 1 30, wherein the capacitor is integrated into a DRAM cell. 

140. A capachor, comprising: 
a lower cajVitor plate comprising a conductive layer overlying a texturizing layer; the 

texturizing layer comprising a periodic network of surface dislocations comprising an annealed 
conductive metal overlyitog the insulative layer; and the lower capacitor plate comprising an 
ordered array of nanostructures formed on the surface dislocations of the texturizing layer; 
a dielectric layer overljdng the lower capacitor plate; and 
.an upper capacitor plate o^erlWg the dielectric layer. 



141 . The capacitor of Claim 140, wherein the texturizing layer comprises an annealed layer of 
a first and second conductive metal, and l^e overlying conductive layer comprises a gaseous 
deposit of a third conductive metal. 

142. The capacitor of Claim 140, wherein the Nexturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silve^ 

143. The capacitor of Claim 140, wherein the texturmng layer comprises platinum and 
copper, and the overlying conductive layer comprises coo^lt. 

144. A capacitor, comprising: 
a lower capacitor plate comprising a conductive layer o^rlying a texturizing layer; the 

texturizing layer comprising an annealed layer of a first and seconci conductive metal comprising 
surface dislocations, and the conductive layer comprising agglomerated island clusters of a 
conductive metal on the surface dislocations of the texturizing layer; 
a dielectric layer overlying the lower capacitor plate; and 
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upper capacitor plate overlying the dielectric layer. 

145. The capacitor of Claim 144, wherein the conductive layer comprises a gaseous deposit of 
a third conductive metal to form the agglomerated island clusters. 

146. The capacitor of Claim 144, wherein the texturizing layer comprises platinum and silver, 
and the overlying conductive layer comprises silver. 

147. The capacitor of ClaimVj44, wherein the texturizing layer comprises a strain relief 
pattern. 

148. The capacitor of Claim 144,Vherein the texturizing layer comprises a trigonal 
dislocation network comprising a plura(itjLQ£ unit cells. 

X 

149. The capacitor of Claim 148, wherein the overlying conductive layer comprises one island 
cluster within a single network unit cell of thettexturizing layer. 



1 50. The capacitor of Claim 144, wherein the capacitor is integrated into a DRAM cell. 

151. A semiconductor circuit, comprising a capacitofc 
the capacitor comprising a lower capacitor plate comprising a conductive layer overlying 

a texturizing layer; the texturizing layer comprising nanosflaictures comprising a silicon 
oxycarbide ceramic and formed by ultraviolet irradiation an&ozonolysis of a polymeric material 
comprising a hydrocarbon block and a silicon-containing bloc! 

1 52. The semiconductor circuit of Claim 151, wherein the nanosfeructures form a periodic 
network, and the overlying conductive layer comprises an ordered antey of island clusters. 

1 53. The semiconductor circuit of Claim 151, wherein the nanostructurdg are in the form of 
porous structures. 
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1 X The semiconductor circuit of Claim 151, wherein the nanostructures are in the form of 
relief^tructures. 

155. The Semiconductor circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises doped amorphous silicon, pseudo-crystalline silicon, or 
polycrystalline silicon. 



1 56. The semiconductV circuit of Claim 151, wherein the conductive layer of the lower 
capacitor electrode comprises a conductive metal. 



Gompr 



157. A semiconductor circuit, Vffiipnsing a capacitor; 

the capacitor comprising a lVver capacitor plate comprising a conductive layer overlying 
jjhr? texturizing layer; the texturizing lay^r comprising an annealed layer of a first and a second 
^ftf conductive metal comprising surface dilations; and the overlying conductive layer comprising 
agglomerated island clusters of a conducti\e metal on the surface dislocations of the texturizing 
layer. 



1 58. An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor formed in a container and iiWctrical contact with an active area 
within a semiconductive substrate of the memory cell arrayW capacitor comprising a lower 
capacitor plate comprising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising nanostructures comprising a polymeric silicon-comprtsi ng ceramic formed by UV 
irradiation and ozonolysis of a polymeric material comprising a hydrocarbon block and a 
silicon-containing block. 
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1 59^ An integrated circuit, comprising: 
array of memory cells; 
inWnal circuitry; and 

at leak one capacitor formed in a container and in electrical contact with an active area 
within a semiconductive substrate of the memory cell array, the capacitor comprising a lower 
capacitor plate conWising a conductive layer overlying a texturizing layer; the texturizing layer 
comprising an annealed layer of a first and a second conductive metal comprising surface 
dislocations; and the overling conductive layer comprising agglomerated island clusters of a 
conductive metal on the surface dislocations of the texturizing layer. 



160. (new) A capacitor, comprising:! 

a lower capacitor plate compi^ift£ a conductive layer overlying a texturizing layer; the 
^^^Jturizing layer comprising an orderedyarray of nanostructures of substantially uniform size; 
a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying thXdielectric layer. 




161 . (new) The capacitor of Claim 160, wherein\|ie texturizing layer comprises a polymeric 
material. 

162. (new) The capacitor of Claim 161, wherein the polyqieric material comprises a 
hydrocarbon block and a silicon-containing block. 

163. (new) The capacitor of Claim 162, wherein the polymeric material comprises polyisoprene 
and poly(pentamethyldisilylstyrene). 



164. (new) The capacitor of Claim 160, wherein the texturizing layer comprises a conductive 
material. 
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55. (new) The capacitor of Claim 164, wherein the texturizing layer comprises at least two 
collective metals. 

166. (new! The capacitor of Claim 165, wherein the texturizing layer comprises platinum, and 
at least one opsilver and copper. 

167. (new) The capacitor of Claim 164, wherein the conductive layer comprises a plurality of 
metal island clusters. 

168. (new) The capacitor of^laim 160, wherein the texturizing layer comprises a plurality of 
two-dimensional structures. 



frd 1&9. (new) A capacitor, comprising: 
^S^T a lower capacitor plate comprising\conductive layer overlying a texturizing layer; the 
texturizing layer comprising a periodic network of surface structures having a substantially 
uniform height; ' 

a dielectric layer overlying the lower capacitbr plate; and 
an upper capacitor plate overlying the dielectric\ayer. 

170. (new) A capacitor, comprising: 

a lower capacitor plate comprising a conductive layer oWlying a texturizing layer; the 
texturizing layer comprising an ordered array of nanostructures or^ubstantially uniform 
dimensions; 

a dielectric layer overlying the lower capacitor plate; and 
an upper capacitor plate overlying the dielectric layer. 

171. (new) A semiconductor circuit, comprising a capacitor according to ClaiiK 160. 
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17^ (new) The circuit of Claim 171, wherein the texturizing layer comprises a polymeric 
material. 



173. (new)S^he circuit of Claim 172 5 wherein the polymeric material comprises a hydrocarbon 
block and a silidsm-containing block. 

174. (new) The circuity Claim 171, wherein the texturizing layer comprises a conductive 
material. 



175. (new) The circuit of Claim H^, v$f^n the texturizing layer comprises at least two 
conductive metals. 




1 76. (new) The circuit of Claim 1 75, wherehi the texturizing layer comprises platinum, and at 
least one of silver and copper. 

1 77. (new) A semiconductor circuit, comprising a capacitor according to Claim 169. 

1 78. (new) A semiconductor circuit, comprising a capacitor^ according to Claim 1 70. 

1 79. (new) An integrated circuit, comprising 

an array of memory cells; 
internal circuitry; and 

at least one capacitor according to Claim 160, the capacitor forme\in a container and in 
electrical contact with an active area within a semiconductive substrate of thWmory cell array 

180. (new) The circuit of Claim 179, wherein the texturizing layer comprises a pVmeric 
material. 
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1 *L (new) The circuit of Claim 1 80, wherein the polymeric material comprises a hydrocarbon 
block and a silicon-containing block. 

1 82. (ne^The circuit of Claim 1 79, wherein the texturizing layer comprises a conductive 
material. 

1 83. (new) The ciKjuit of Claim 1 82, wherein the texturizing layer comprises at least two 
conductive metals. 

1 84. (new) The circuit of c\mi 183^yherein the texturizing layer comprises platinum, and at 
Sf least one of silver and copper. \ \A 

185. (new) An integrated circuit, com^ising 

an array of memory cells; 
internal circuitry; and 

at least one capacitor according to ClaimV?, the capacitor formed in a container and 
electrical contact with an active area within a semic^ductive substrate of the memory cell array 



in 



186. (new) An integrated circuit, comprising: 
an array of memory cells; 
internal circuitry; and 

at least one capacitor according to Claim 170, the capacitor Vmed in a container and 
electrical contact with an active area within a semiconductive substratXf the memory cell array 



in 



187. (new) An integrated circuit supported by a substrate, and comprising apparitor according 
to Claim 66. 



188. (new) An integrated circuit supported by a substrate, and comprising a capacitorVording 
to Claim 130. 
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189. (new) An integrated circd^upported by a substrate, and comprising a capacitor according 
to Claim 160. 
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